Microbial transformation of dihydrobenzofuran derivative 1 and 4, 6-dihydroxy-1,5(H)-guai-9-ene (2), the major isolated compounds from Chrysothamnus viscidiflorus, afforded a new chromene derivative 3 and a new acetoxyeudesmane derivative 4, respectively. The structures of the new compounds were determined by comprehensive NMR studies, including DEPT, COSY, NOE, HMQC, HMBC and HRMS.
Microbial transformations are known for their high stereoselectively, ease of handling, low cost and environmental-friendly nature [1] . Microbial transformation is an efficient and often key means for preparation of many natural products and their derivatives. This technique has been widely applied for the conversion of chemo-, regio-, stereo-and enantio-selectively of some substrates into potentially useful substances. Microbial transformation has been known also to be a useful tool to obtain more active or less toxic compounds and to achieve selective conversions of compounds to useful derivatives that are difficult to produce synthetically [2] . Biotransformation has been extensively applied in the fermentation industry to produce L-aspartic and L-malic acids from fumaric acid [3] . Additionally, microorganisms are able to transform a huge variety of organic compounds, such as terpenes, steroids and alkaloids [4] [5] [6] . Successful investigation of the aerial parts of the green rabbitbrush (Chrysothamnus viscidiflorus, Asteraceae) afforded two major compounds, dihydrobenzofuran derivative 1 and 4,6-dihydroxy-1,5(H)-guai-9-ene (2) . The large quantities of these compounds permitted us to examine their biotransformation using two types of fungi, namely Debaryomyces hansenii and Aspergillus niger. These fungi have been used for biotransformation of several compounds [7] [8] [9] . The objective of the current study was to determine the ability of microorganisms to accomplish the structural modifications into benzofuran and eudesmane derivatives. Microbial transformation of these compounds afforded the new chromene derivative 3 and the new acetoxyeudesmane derivative 4.
Compound 3 was obtained by fermentation of compound 1 with Debaryomyces hansenii and purified by using Sephadex column chromatography. Compound 3 was isolated as a yellowish oil. The EIMS of 3 showed the molecular ion peak [M] + at m/z 204, in full agreement with the molecular formula C 12 H 12 O 3 . Exact mass determination of the 204 ion established the elemental composition C 12 H 12 O 3 , (calcd. 204.0786; found 204.0796). The 1 H NMR spectrum showed a downfield signal at δ 1.62 (3H, d, J = 6.7 Hz) for the secondary methyl group, which correlated in the 1 H-1 H COSY spectrum with the quartet signal at δ 5.01 (1H, q, J = 6.7 Hz) of H-2. Additionally, it revealed the presence of the aromatic protons as ortho and meta-coupled protons at Compound 3 was shown to have an enol structure from several considerations: its olefinic methine proton (H-4, δ H 6.66) and its carbon (C−4, δ C 102.3), supported by DEPT experiment, its IR spectrum (OH, ν = 3458) and HMBC ( Figure 1 ). The keto structure is not possible because compound 3 lacks a methylene group and carbonyl carbon in the pyran ring. The multiplicities of the carbon signals were deduced by DEPT experiment, whereas the assignments of all proton signals and their connectivity to adjacent proton and carbon signals were established from the results of the 2D 1 H-1 H COSY, HMQC and HMBC experiment. The placement of the hydroxyl and the acetyl groups was supported by HMBC measurements, which showed the following correlations: H-2 (δ H 5.01) with C-11 (δ C 21. . The methyl group at C-2 was suggested to have an α-configuration, deduced from the downfield shift of H-2 (δ 5.01) and by inspection of Dreiding models; this was confirmed by comparison of the data and optical rotation of our compound with the data and optical rotations of some publishing related compounds [10, 11] . All data listed above supported compound 3 as a new transformed compound, 6-acetyl-3-hydroxy-2α-methylchromene. The heterocyclic furan ring expansion in A to the pyran ring to give 6 involves the following transformation: cleavage of the furan ring in A to give the dipolar form 1, which adds elements of water unavoidably present in the medium, to give the dipolar form 2. In the same sense, the exocyclic ethylenic group in 2 adds elements of water to afford 3, which suffers then the loss of CH 2 O to give 4. Molecular rearrangement of 4, initiated by successive enzymatic oxidation via loss of two molecules of H 2 , can yield 6 (Scheme 2). H-15b, respectively, correlated with an olefinic methylene carbon signal at δ 107.9 in the HMQC spectrum (C-15), and showed a one proton doublet of doublets at δ 5.20 (J = 4.9, 11.6 Hz) corresponding to the proton at C-6 (d, 72.8). The latter proton showed correlations in the 1 H-1 H COSY spectrum with a doublet at δ 2.30 (J = 11.6 Hz, H-5) and a multiplet signal at δ 1.83 (m, H-7) . Moreover, it revealed the presence of the hydroxylated proton as a doublet of doublets at δ 3.46 (J = 4.6, 11.6 Hz), correlated with an oxygenated carbon signal at δ 79.1 in the HMQC spectrum (C-1), and exhibited two doublets at δ 0.90 and 0.96 (J = 6.7 Hz), both of which were coupled to a multiplet signal at δ 2.02 (1H, m), in accordance with an isopropyl group. The position of the acetyl and hydroxyl groups was confirmed by the HMBC spectrum ( Figure 2) . Strong correlations were observed between the signal at in 1985, our compound is an isomer of the published one [12] . All data proved that compound 4 is a new transformed compound and identified as 1α-hydroxy-6β-acetoxy-eudesm-4(15)-ene. The molecular rearrangement of structure A (C 16 H 28 O 2 ) to structure B (C 15 H 26 O 2 ) involves processes of both ring contraction and ring expansion. Such a state of affairs is frequently met in many biochemical transformations, for example those promoted by microbes and oxidizing agents [14] [15] [16] . An approach to explain the mechanism of this transformation may involve the following steps: hydrolysis of A gives 1, which undergoes a rearrangement process involving abstraction of the hydroxyl to give 2. Hyperconjugation of the methyl group gives 3, flowing by polarization of the exocyclic ethylenic group to give 4. Rearrangement involving ring closure, the taking up of a proton to the exocyclic methylenic anion, followed by acetylation gives the product (Scheme 3 
Experimental
General: 1 H NMR (500 MHz, CDCl 3 ), 13 C NMR (125 MHz, CDCl 3 ) and the 2D spectra were recorded on a JEOL 500 MHz, Lambda spectrometer, with TMS as an internal standard. EIMS were recorded on a JEOL SX102A mass spectrometer. IR spectra were recorded on a JASCO FT/IR-5300 spectrometer.
